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Description

Immobilized lipase preparations for transesterification of fats are known. Thus, in UK Patent No. 1,577,933 an
immobilized lipase preparation is described, whereby the lipase is produced by fermentation of species belonging to

$ the genera Rhizopus, Geotrichum or AspergiDus, and whereby the lipase is attached on an indifferent particulate carrier

which may be diatomaceous earth or alumina, and which exhibits a very high specific surface area It has been deemed
necessary to use an immobilized lipase preparation with very high specific surface area (i.e. small and porous carrier

particles) inorder to obtain the necessary high enzymatic activity, interesterification can be carried out batchwise without

a solvent with this immobilized lipase preparation: however, with this immobilized lipase preparation continuous inter-

70 esterification in a column cannot be carried out on an industrial scale without the presence of a solvent, which has to

be removed later, due to the above indicated fact that the preparation consists of smail particles, which during column
operation would generate an unacceptably high pressure drop. Also, a poster presented at Enz. Eng. 6, Kashikojima.

Japan, 20-25 Sept. 1 981 and the article in European Journal of Applied Microbiology and Biotechnology, No. 14. pages
1-5 (1982) indicates that an immobilized lipase preparation comprising lipase from Rhizopus detemar and a strong

1$ anion exchange resin (with quaternary amino groups) may be used for interesterification with n-bexane as a solvent.

The enzyme recovery according to these references is very low, though. Also, from European Patent Application pub-
lished with Publication No. 0069599 an enzymatic rearrangement of fat is described, whereby a lipase from Aspergillus

species, Rhizopus species, Mucor javanicus, or Mucor miehei is used as an interesterification enzyme. The enzyme
is supported on a carrier, e.g. Celite. In all examples in this European Patent Application relating to continuous inter-

20 esterification in a column a solvent is used.

Thus, in prior art processes the solvent is used to tower the viscosity of the fatty starting material in order to secure
as smooth a column operation as possible. It has hitherto been deemed practically impossible to avoid solvent in these
continuous interesterification processes on an industrial scale, due to the high pressure drop in the column, even if the
technical advantages associated with the elimination of solvent from these interesterification processes are quite ob-

25 vious.

In European Patent Application published as No. 35.883 it is described that an immobilized lipase preparation

intended for interesterification of fats can be prepared by contacting an aqueous solution of microbial lipase with a
particulate. Inert carrier followed by drying. The thus prepared immobilized lipase preparation can be used for interes-

terification of fats, but only if the fats are mixed with the relatively expensive low alkyl esters of fatty acids, e.g. methyl
30 palmitate, which are used as auxiliary agents in order to avoid solvents: otherwise solubility and viscosity problems

arise.

Thus, the purpose of the invention is to provide a method for production of an immobilized lipase preparation which
will open up the possibility of carrying out the continuous interesterification without a solvent or other expensive auxiliary

agents in an economically feasible way.

35 Now, surprisingly according to the invention it has been found that an immobilized lipase preparation, which is very
easily prepared, viz. by simple mixing of an aqueous solution of lipase and an ion exchange resin and which comprises
a specific combination of a specified category of ion exchange resins and a specified proportion of water in the final

immobflized lipase preparation opens up the possibility of carrying out the continuous interesterffication without a sol-

vent or other expensive auxiliary agents in an economically feasible way
to Thus, according to the invention there is provided an immobilized lipase preparation for interesterification of fats

and/or synthesis of fats without the use of non-aqueous solvent or other auxiliary agents used to control viscosity and
solubility, which lipase is obtainable by contacting an aqueous solution of a microbial lipase with a particulate, macro-
porous, weak anion exchange resin which contains primary and/or secondary and/or tertiary amino groups and which
exhibits a relatively large average particle size suitable for column operation without excessive pressure drop, at con-

45 dittons, at which the lipase is bonded to the anion exchange resin during a period of time sufficient to bind the wanted
amount of lipase to the anion exchange resin, thereafter separating the thus-formed immobilized lipase from the aque-
ous phase and drying the separated immobilized lipase to a water content of from 2 to 40%.

It is described generally in German Published Patent Applications Nos. 2 905 671 and 2 805 950. Japanese Pub-
lished Patent Applications Nos. 54-76892 and 57-152886. US Patent No. 4 170 696 and Chem. Abs. vbL 82, 27919d

so that enzymes, including lipase can be immobilized by means of particulate anion exchange resin, in the first place,

however, no universal immobilization method suited for all enzymes and ail substrates exists, but a specific immobili-

zation method has to be devised for any specific enzyme and any specific substrate, on which the enzyme is supposed
to act. In the second place, however, lipases are quite extraordinary enzymes in the sense that the enzymatic activity

is functioning on an interphase between two phases, meaning that the immobilization of the lipases is a very delicate

55 problem, which highly limits the utility of known immobilizatton techniques in the field comprising lipase immobilization,

wide J. Lovayre et a/., Preparation and Properties of Immobilized Lipases. Biotechnology and Bioengineering, Vol.

XXIV, pp. 1007-1013 (1982), John Wiley & Sons. In the third place the combination of lipase and particulate macropo-
rous weak anion exchange resin is not described in any of the literature indicated in the beginning of this paragraph,
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and ever.less that!this new combination gives rise tothe surprising technical effect in regard to continuous interester-
ification without solvent or other expensive auxiliary agents.

"h«««»iw

.*so.frornanartW^^^

,n Eur. J. Appl. Micrctoiol, B»technol. (1983) 17: 107-112 it appears that a lipase preparation irLcWIized^ a^an£
exchange resin has been used for hydrolysis of fats. In the first place the main applications of the immobilized lipase
preparation produced by means of the method according to the invention are interesterification and synthesis of fate
which will be explained more detail later in this specification, and in the second place it appears from the article that
the acuvrty view feless man 1%. vtfe tabte 1 on page 109, as compared toan activity ySd typicaHy a^e 8^n
relation to the immobilized lipase preparation prepared by means of the method according to the invention This con-
firms our previous statement that immobilization of lipase is a very delicate problem

* "J!^.
6"?"^ theyressk>n *

rela,ive,y avera9* Panicle size' is related to the average panicle size of
the product which is described in UK Patent No. 1 .577.933. and of which the majority of the particles have a particle
size tess than approximately 50 urn. It has been found that the temperature has no great effect on the activityyield
as rt has been shown experimentally that the activity yield is virtually temperature independent in case the temperature
during immobilization is kept between 5 and 35*C.

^
In order not to inactivate the enzyme the prior art interesterifications are carried out at relatively low temperatureThe is made possible by the presence of the solvent, which is able to dissolve the fat. which might have aVelathrely

high making point Surprisingly it has been found that the immobilized lipase preparation according to the invention
has a sufficient stability in the melted fat with a relatively higher temperature. Also, the pressure drop through the
interesterification column loaded with the immobilized lipase preparation produced by means of the method according
to the invention is sufficiently tow to allow a smooth operation. Also, surprisingly it has been found that the unique

STSr^T , ^
ntaCt condi,i°ns

:

'm exeha"9e and water content generates a high specific lipase activity inhe melted tat mixture m contradistinction to all previous attempts to provide an immobilized lipase preparation intended
for use without a solvent. Furthermore, whereas prior art processes of the kind described in UK Patent No 1 577 933have required a purified lipase in order to provide a usable immobilized preparation, it has surprisingly been found'that
the.mmobil.zed lipase preparation according to the invention can be prepared on the basis of a rather crude lipase
product. Also, whereas the preparation of prior art processes of the kind described in UK Patent No 1 577 933 have
involved the use of an organic solvent to deposit the lipase on the carrier, no such organic solvent is needed for the
preparation of the immobilized lipase preparation according to the invention, which can be prepared very easily justby mixing of carrier and an aqueous lipase solution. Furthermore, whereas the lipase activity is relatively easily washed
off or otheiw.se removed from the prior art preparation of the kind described in UK Patent No. 1 .577,933, it has beenound that the hpase in the immobilized lipase preparation according to the invenlion is practically impossible to removefrom the preparation. If not subjected to adverse chemical or physical treatments, for instance adverse pH and tem-
perature condrtwns. Finally it has been found that the immobilized lipase preparation according to the invention canbe prepared with a high enzyme recovery which opens up the possibility for a cheaper continuous interesterification
than the prior art interesterifications.

wimwuiuii

In a preferred embodiment of the invention the lipase is a thermostable lipase. Hereby a higher interesterification
emperature is made possible, and thus a higher productivity. Furthermore by means of this embodiment it is possible
to produce an immobilized lipase preparation which is well suited for interestenficafon of higher melting fats

In a preferred embodiment of the invention the microbial lipase is derived from a thermophilic Mucor species
especially Mucor miehei. Mucor miehei is a good producer of 1.3-specHc lipase, and thus a cheap productcan be'

Ina preferredembodiment of the invention more than 90% of the particles of the macroporous weakanion exchanoe
resin has a particle size between approximately 100 and 1000 urn, preferably between 200 and 400 urn In this particle
size interval a good compromise between high interesterification activity and low pressure drop is obtained

In a preferred embodiment of the invention the proportion between the amount of the aqueous solution of the
mcrob.all.pase and the weight of weak anion exchange resin corresponds to 5,000-50,000 Lu/g ton exchange resin
(dry weight). In this manner sufficient lipase for the ton exchange resin is provided.

In a preferred embodiment of the invention the microbial lipase is derived from a thermophilic Mucor species
especially^Mucor miehei. and the pH during contact between ton exchange resin and aqueous solution is between 5and 7Jn this manner a strong bond between lipase and ton exchange resin as well as a good stability and activity isSGCUrGO. '

In a preferred embodiment of the invention the contact time is between 0.5 and 8 hours. In this manner a state of
saturation with lipase is obtained or approximated.

In a preferred embodiment of the invention the separation is performed by simple filtration. This process is simpleand well adaptable to industrial practise.
»«mpw

Ina preferred embodiment of the invention the drying is carried out to a water content between approximately 5and 20% of water. The drying operation can be carried out in vacuum, in fluid bed or by other drying means suitable

3
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for large scale operation. Hereby a final lipase preparation with a high interesterification activity is obtained
In a preferred embodiment of the invention the particulate, macroporous weak anion exchange resin is brought

together with an aqueous solution of a crosslinking agent preferably an aqueous glutaraldehyde solution in a concen-
tration between G\1 and 1.0% w/w, before, during or after the contact between the particulate, macroporous weak

s antonexchangeresinandtheao^^

agent is separated. Even if a minor reduction of enzyme activity may be observed due to the crosslinking agent it has
been found that such treatment may raise the stability of the lipase preparation in aqueous media for a specific appli-
cation. In relation to use of the immobilized lipase preparation as an interesterification agent there is no need for any
improvement of the stability of the lipase preparation, as this stability is inherently excellent in the lipase preparation

io prepared according to the invention for this application.

Also, the invention comprises a use of the immobilized lipase preparation according to the invention, which is a
method for interesterification of fats, wherein melted fats, facultatively mixed with dissolved free fatty acid, is contacted
with the immobilized lipase preparation prepared by means of the method according to the invention! without any
solvent or other expensive auxiliary agents or substantially without any solvent or other expensive auxiliary agents
The free fatty aeids, with which the fats facultatively may be mixed according to the invention are not to be considered
as expensive auxiliary agents. By 1at(s)' is meant either a pure triglyceride or a mixture of triglycerides from one or
more sources.

Also, the invention comprises another use of the immobilized lipase preparation according to the invention, which
is a method for synthesis of fats wherein a mixture of glycerol and free fatty acids is contacted with the immobilized
lipase preparation produced according to the invention without any solvent or other expensive auxiliary agents or
substantially without any solvents or other expensive auxiliary agents.

The invention will be illustrated by the following examples.
The Mucor miehei lipase used in the following examples can be obtained from NOVO Industri A/S. Novo Alle 2880

Bagsvaerd, Denmark, on request (as enzyme product SP 225). This Mucor miehei lipase can be obtained as indicated& in Danish Patent Application No. 4234/77.

The lipase activity unit (LU) indicated in the examples is determined as described in the publication AF 95 iy2-GB
of 83-01 -03, obtainable from NOVO Industri A/S, Novo Alle, 2680 Bagsvaerd, Denmark.

The interesterification activity of the immobilized lipase preparations is determined by means of a batch assay
based on the following reactions:

is

20

30

ooo+p=spoo+o

35 POO+P=POP+0,

45

so

55

where O^oleic acid, P=palmitic acid, and OOO, POO and POP are fats containing the indicated fatty acids in the
order indicated, OOO thus being triolein.

250 mg of immobilized lipase preparation is mixed with 600 mg triolein (0.68 mmoi) and 1 74 mg palmitic acid (0 68
mmol) dissolved in 1 2 mlpetroleum spirit (temp. 80-1 00°G) ina 20 ml glass tube with screw cap. The tubes are incubated
in a water bath at 40°C and snaked for 1/2, 1 or 3 hours.

The reaction mixture is cooled, filtered and evaporated. The relative amount of OOO, POO and POP is determined
by HPLC, and the percentage of incorporated P is calculated as

% incorporated P=
% POP*** POP

3

The equifibrium composition of the above indicated batch reaction mixture is approximately 43% POO and 10%
POP or 21% incorporated P.

In some of the following examples the interesterification is carried out as a batch operation with or without solvent
By comparative tests it has been established that an immobilized lipase preparation, which has satisfactory interest-
erification activity and stability, as demonstrated by the batch interesterification test, and which possesses a particle
size distribution and a physical strength required for satisfactory column operation, will operate satisfactorily by con-
tinuous operation in column as well, with or without solvent Thus, a satisfactory batch test under these circumstances
is evidence that a satisfactory continuous column test can be carried out with the immobilized lipase preparation in
question.

4
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Example 1

This example illustrates the effect of pH during adsorption of Mucor miehei lipase on interesterification activttv

n J?£2?o
miShei lipaSe> 93'°°° LU* W3S dtesotved h 20 ml of waVand 10^mSS^SLDuoWeES 562 an,on exchange resin, dry weight 8.5 g, was suspended herein.

grams ot water washed

- ^ thrrk
POrti°nS W6re fitered After Wtra,ion *» amoun, <* hyd«^«c activity (LU) in the three fHtrates (beforewash) was behveen 10 and 17% of the tot* initial amounts (186.000 LU). Subsequent* a wat^h^S££"

out wrthasmall amount of water, and thereafter the pr^ratbnsWre driedovemi^
The results are summarized in the table betow. <

temperature.

Example 2

Interesterification activity, 30 minutes

Immobilization pH Yield g Water content % %POO %POP % Incorporated P
5.0 9.20 9.5 24.5 6.2 12.3
6.0 9.56 8.2 26.5 6.6 13.2
7.0 9.41 ao 21.2 5.2 10.5

Three 10 g portions of moist ion exchange resin, Duolite ES 562 (dry weight 8.35 g) were suspended in 50 ml oi

a Bucnner funnel, drained weight approximately 16 g

'«i£E££~%SSZr^t**"60" * 25 9 *- (act^ 93.000 LU/g) in 25

rt^ZiXZZ 3
°'

2 5 9 ^^ ab°Ve^ Mu~ *~ *» - - water.

Buch^toL
S,OWV a9teted ^ f0Om tempera,Ure (25'> ,or 2 houra

-
Hereafte

'— "**» was filtered off on a

wSETESS ^ '"^^^^ 2X25 *~~^«

*

20 SSSSXSSS!™m * ,he lipase pr8parati0"8™ -
Interesterification, 1/2 hour

Lipase preparation immobilized with % POO %POP % Incorporated P
2.5 g Bpase in 25 ml without wash 25.8 6.85 13.2
2.5 g lipase in 25 ml with wash 30.1 7.65 15.1
2.5 g lipase in 50 ml without wash 26.8 6.86 13.5

.^J* o
dem

°2!
tra,eS thal subs«lueflt **« wash m order to remove unbound lipase is essential tor ob-

Example 3

50

55

Exah^le ^
m0iS, ^ eXChan9e feSi

"
DU°lite ES 562^ W8i9ht 41 8 9) WflS adjuS,ed to P" 6 0 «* as in

10.6£ portions of this moist ion exchange resin (~5 g dry weight) were mixed with different amounts of a 10%solution of Mucor miehei lipase (81 ,000 LU/g) according to the table
°

ml^r

^HeafI,i0n me ,iqUid^ filte,Bd °fl °" a B«chner funnel, and the lipase preparation was washed with 2X25ml water and dried in vacuum to approximately 97% dry matter.
3

prior toa^g.^
^ immobi,i2ed P^ation for assay purposes were moistened with 20 ul water

5
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Interesterification, 1/2 hour

g of moist ton g of 10% solution of * w?av»nvii in Ho, llfjuib %POO %POP % Incorporated P
exchange resin lipase at room temperature

10.6 12.5 1 26.5 6.62 13.3

10.6 12.5 2 27.0 6.62 13.4

10.6 12.5 4 28.2 7.27 14.3

10.6 25 1 23.5 5.90 11.8

10.6 25 2 29.7 7.56 14.9

10.6 25 4 31.4 7.99 15.8

10.6 50 1 19.5 4.34 9.4

10.6 50 4 26.6 6.73 13.4

This example shows that the optimal dosage of lipase depends upon the reaction time.

Example 4

Two of the preparations from Example 3 were reassayed with varying addition of water, i.e. the sample with 12.5

g lipase solution and that with 25 g Ipase solution, both with a reaction time of 2 hours. The effect of the moisture
content on the interesterification activity appears from the following table.

Interestffication, 1/2 hour

Sample ul Water added to 250 mg
dry weight

Estimated moisture in

sample%
%POO %POP % Incorporated P

12.5 g 0 2.6 18.2 2.27 7.6

20 9.6 25.6 6.55 12.9

50 18.5 23.4 5.85 11.7

100 29.9 15.3 3.84 7.6

25 g 0 3.0 19.1 2.04 7.7

20 10.0 28.6 7.65 14.6

50 18.8 25.4 5.25 12.0

100 30.1 18.6 4.55 9.2

This example shows that the optimal moisture content is approximately 10%.

Example 5

One of the preparations from Example 3 was reassayed with varying amounts of added water. The sample with
25 g bpase solution and 4 hours reaction time was used.

Interesterification. 1/2 hour

pi Water added to 233 mg dry weight Estimated water in sample, % %POO %POP % Incorporated P

0 9.5 28.0 6.57 13.7

10 13.1 28.9 7.45 14.6

20 16.2 27.9 6.46 13.6

30 19.1 26.6 6.96 13.5

40 21.8 25.0 6.77 12.8

50 24.4 22.8 5.20 11.1

75 30.0 19 6 4.54 96

6
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(continued)

!nteresterification
t 1/2 hour

uJ Water added to 233 mg dry weight Estimated water in sample, % %POO %POP % Incorporated P
100

150

34.9

42.9

14.6

0.44

3.88

0

7.5

0.1

10

15

30

35

40

Example 6

f
8
J*

^ e
^
chan" resin Duo,rte A 561

t
88 -2** dry substance) was adjusted to pH 6.0 and washed

Another 22.8 g sample of Duolite A 561 was crushed partially in a mortar prior to PH adjustment and washingT
°Jf

h °1

l
h
fe P0*005 were added a oi 10 g Mucor miehei lipase (93.000 LU/g) in 200 g of water

adjusted to pH 6. Reaction took place in 2 hours at room temperature.
The immobilized enzymes were washed with 1 liter of water and dried in vacuum
After drying the uncrushed sample was crushed in a mortar, and both samples sieved.

Interesterification, 1/2 hour

Crushing prior to immobilization Crushing after immobilization

Sieve fraction % POO %POP % Incorp. P %POO %POP % Incorp. P
180-300 ujti 30.1 7.78 15.2 25.7 6.39 12.8
425-500 u/n 25.7 6.66 13.0 21.7 5.50 10.9
600-710 nm 19.2 5.06 9.8 17.2 4.38 8.7
850-1000 um 12.7 3.22 6.4 14.3 3.90 7.4

h,„ .If T tha
!

* iS *" a*"rtaBe t0 use ,he f,ne sievo toobtain maximum interesterification activitybut the need for a low column pressure drop makes a compromise necessary.

Example 7

This example illustrates the effect of different categories of macroporous weak anion exchange resins (type ofmatnx funchonal groups, particle size) on the batch interesterification activity of the immobilized lipase preJraton

*
8 0386

?f!
E
l
562

'^ A 5611 DUOli,B A 7
'

,RA 93' A 21 4.25 grams drywexjht res« was washed with water, mixed with 1 gram of Mucor miehei lipase (93.000 LU/g) in 20 ml of water themature being adjusted to PH6.0. and reflated slow* for 2 hours at^ Ateli^ejp=£was washed w,th 250 ml of water. In the case of Duolite A 378 8.5 grams was mixed with 2 grams tfS£XSwashed wrth 250 ml of water. All were dried in vacuum at room temperature, m the case Jf Duolite A^S Du* 5
587. and Dowex MWA-1 4.25 gram dry weight resin was mixed with 1 gram of Mucor miehei lipase (124 000 LU/q) inappj^matefy 10 ml of water for 2 hours by rotation at room temperature (in the case of Lewatit, 0 5 of lipase wasused, though). After filtration and washing with 2 volumes of water, the preparations were dried in vacuum* room
temperature. Characterization of the immobilized preparations is shown in the table below

45
Batch activity, 1/2 hour

Anion

exchange

resin

Matrix Funct

groups

Parte, sizes,

um (>85%)

Water % %POO %POP % Incorp. P

SO Duolite ES
562

Phenolformaldehyde Tert. amine 212-425 13.8
. 26.7 6.8 13.4

Duolite A
561

Phenolformaldehyde Tert. amine 300-1200 13.0 14.8 3.2 7.1

55
Duolite A 7 Phenolformaldehyde Second. 300-1200 13.5 9.5 2.5 4.8

amine

7
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(continued)

Batch activity, 1/2 hour

5
Anion

exchange

resin

Matrix Fund
groups

Parte, sizes,

Hm (>85%)

Water % %POO %POP % Incorp. P

Duolite A
378

Polystyrenic Tert. amine 300-1100 6.3* 14.3 3.3 7.0

10 Amberlite

IRA 93

Styrene-DVB Polyamine 400-500 12.2 10.8 2.9 5.5

AmberlystA

21

Styrene-DVB Tert. amine 425-850 11.1 10.6 2.7 5.3

15

Duolite A
365

Polystyrenic Prim,

amine

300-1200 11.5 15.5 3.7 76

Duolite S
587

Phenolform. Amines 300-1100 7.4 25.4 6.4 12.7

lewatit MP
62

Polystyrenic Amines 300-1200 13.6 16.9 3.9 8.2

20 Dowex
MWA-1

Styrene-DVB Tert. amine 300-1200 10.5 21.0 4.9 10.3

*5% water was at kfed before batch assay

Example 8

30

35

40

45

, cf.i^M^ff0^"96 ,eSm ES 562 was susPended h approximately 75 ml of HfeO. and pH was adjusted
to 6 0 with 4 N NaOH. The ion exchange resin was washed with water on a suction filter, and excess of water was
sucked away. The wet ion exchange resin (approximately 45 g) was divided in three equal portions

The first th.rd was mixed with a solution of 1 g Mucor miehei lipase (210.000 LU/g) in 20 ml of H.O adjusted to pH
6.0. After mixing the pH was readjusted to 6.0. and the mixture was allowed to react for 4 hours at S'C with magnetic
stirring. During this period the pH dropped to 5.45. The mixture was transformed to a Buchner funnel with a few milliliters
of water and as much as possible of the solution was sucked away (14 ml). The resin was further dried in vacuum toa water content of 1 0.0%. Yield 8.27 g.

vacuum io

The second third of the wet resin was mixed with a solution of 1 g of the previously indicated lipase in 20 ml of 0

1

M sodium acetate buffer (pH 6.0). The pH of the mixture was readjusted to 6 and the mixture was allowed to react tor
4 hours at 5 C with magnetic stirring. During this period the pH dropped to 5.83. The further procedure was carried
out as indicated in relation to the first third of the wet ion exchange resin, giving rise to 21 ml filtrate and 9 10 g dried
preparation with a moisture content of 9.5%.

The third third of the resin was mixed with lipase solution as before, but pH was kept constant at 6 0 during the 4
h«ir couphng period at S'C by addition of 0.58 ml 1 N NaOH. The mixture was worked up as the other thirds giving

TJ° I"!
** 8 95 9 dfi8d P"*3*"*0" 8-9% moisture. The three filtrates contained between 1 and 5%

of the initial, total activity.

M in,eresterification aam* with 250 mg immobilized lipase preparation after a reaction time of 30 minutes at40°C is indicated n the following table.

50

Interesterification activity, 1/2 hour

Enzyme preparation immobilized in %POO %POP % Incorporated P

demtneralized water. pH 6 27.4 6.6 13.5

0.1 M acetate, pH6 25.4 6.5 12.8

demineralized water, pH-stat at PH 6 27.7 7.0 13.9

55 As appears from the table there are only slight differences between the preparations.

8
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Example 9

This example illustrates the effects of the presence of two salts in the concentration range 0-0.5 M during immo-
bilization on the interesterification activity.

s Five 1 .00 gram portions of Mucor miehei lipase, dtaflltrated. and freeze-dried, with an activity of 93 000 LU/q were
dissolved in 20 ml of:

1) demineralized water

2) 0.05 M sodium phosphate, pH 6.0

3) 0.5 M sodium phosphate, pH 6.0

4) 0.05 M sodium chloride

5) 0.5 M sodium chloride

15

20

25

Other five 5.25 gram portions (dry weight 4.25 g) of Duolite ES 562 ion exchange resin were equilibrated with 20
ml of 1)-5) above. After decantatbn, the corresponding lipase solutions were added to the wet ion exchange resin
particles adjusted to pH 6.0, and the containers were rotated slowly over 2 hours at 25°C. Tne preparations were then
collected by filtration and each washed with 250 ml demineralized water followed by drying in vacuum at 25°C (64
hours). The results of the interesterification activity assay are shown below:

Interesterification activity, 1/2 hour

Salt/concentration Yield (g) %H20* % POO % POP % Incorporated P

No salt 4.51 4.7 23.1 5.7 11.5

0.05 M phosphate 4.48 5.3 21.9 5.3 10.8
0.5 M 4.57 4.6 20.3 5.1 10.2

0.05 M NaCI 4.54 4.6 23.4 5.7 11.6

0.5 M NaCI 4.43 4.9 19.2 4.6 9.5

30
Example 10

This example shows the effects of high concentrations of sodium acetate during lipase immobolization on the
interesterification activity of the preparations.

X Five 1 .00 g portions of Mucor miehei lipase, diafiltrated and freeze-dried, 93,000 LU/g, were separately dissolved
in 20 ml of the following liquids:

1) demineralized water

2) 0.5 M sodium acetate, pH 6.0

3) 1 .0 M sodium acetate, pH 6.0

4) 2.0 M sodium acetate. pH 6.0

5) 4.0 M sodium acetate, pH 6.0

Five 4.25 g (dry weight) portions of Duolite ES 562 ion exchange resin were washed and equilibrated by mixing

<5
with the five above indicated solutions 1)-5) followed by shaking for 15 minutes. Corresponding lipase solutions and
washed ion exchange resins were mixed, adjusted to pH 6.0 and rotated slowly for 2 hours at room temperature Each
preparation was filtered, washed with 250 ml of water and dried in vacuum at room temperature. The preparations
were assayed for batch interesterification activities, the results being shown in the following table.

Filtrate Batch interesterification activity, 1/2

hour

Acetate cone. Yield after Water after pH Act. (%)
* %POO %POP %

(M) drying (9) drying (%) Incorporated P
0 4.81 7.8 5.2 51 22.2 5.7 11.2
0.5 4.67 8.0 5.8 64 20.1 4.7 9.8
1.0 4.72 9.6 5.8 71 18.8 4.3 9.1

9
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(continued)

Filtrate Batch tnteresteriMcatton activity, 1/2

hour

Acetate cone. Yield after Water after PH Act. (%)
* %POO %POP %

(M) drying (g) drying (%) Incorporated P

2.0 4.73 9.1 5.B 55 27.9 7.3 14.2

4.0 4.75 10.4 5.6 69 19.8 4.7 9.7

* Activity m per cent of total, initial amount (93.000 LU).

Example 11

This example illustrates the immobilization of other microbial lipases than Mucor miehei lipase:

is Fusarium oxysporum lipase, prepared as described in Danish Patent Application No. 2999/84, Example 23, was
immobilized by mixing 6.72 g of lipase of 88,000 LU/g and 4.25 g dry matter of Duolite ES 562 ion exchange resin,

washed and pH-adjusted. in 25 ml water at pH 6.0, and by rotation at room temperature for 2 hours. Then washing

was performed with 2x25 ml of water, and by vacuum drying 4.93 g of preparation with a water content of 8.1% was
obtained. The activity left in the total filtrate corresponded to 18% of the original activity.

20 Aspergillus niger esterase was obtained by ultrafiltration of the commercial product Palatase from NOVO. 15 ml

Patatase of 2790 LU/ml was immobilized on 4.25 g of ES 562 as described above whereby 4.77 g immobilized prep-

aration with 7.6% water was obtained. The filtrate contained 13% of the original LU-acttvity.

Candida cylindracea lipase from Amano (type OF) was similarly immobilized by mixing 4.25 g of ES 562 with 1 .40

g Amano lipaseOF in 15 ml of water, pH 6.0. The yield was 4.62 immobilized preparation with 6.5% of water and 0.2%
25 activity remaining in the filtrate.

The three preparations were characterized as follows:

1 ) By the standard batch assay at 40*C.

2) By a triolein (OOOydecanotc acid (D) batch interesterificatbn without solvent at 60°C using 3.00 g OOO, 0.600

30 g D, and 250 mg dry lipase preparation hydrated to approximately 10% water.

For comparison purposes also results for a Mucor miehei lipase preparation, as described in Example 1 3, are

listed as well:

OOO/P/solvent 40° OOO/D, 60°

Immobilized lipase Estim. load LU/mg Time (h) %P inc. Time (h) %D inc.

Fusarium oxysporum 11 3 8.0 17 5.9

Aspergillus niger 8 3 4.4 17 6.5

Candida cylindracea 30 3 8.9 17 1.9

Mucor miehei 30 0.5 14.7 2 13.2

In order to generate a better survey in relation to the preceding examples, relerence is made to the foltowing table.

Example No. This (these) example(s) ilfustrate(s) the influence on the interesterification activity of the immobilized

lipase preparations prepared by means of the method according to the invention originating from

1.8 pH

2 subsequent wash

3 lipase loading tn relation to reaction time

4-5 percentage of water

6 particle size

7 type of resin

8-10 ion strength in lipase solution

10
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(continued)

Example No. This (these) exampie(s) illustrate(s) the influence on the hteresterification activity of the immobilized
lipase preparations prepared by means of the method according to the invention originating from

11 microorganism source of lipase

in order to demonstrate the utility of the immobilized lipase preparation prepared by means of the method according
to the invention an immobilized lipase preparation prepared by means of the method according to the invention, as

10 indicated later, was used in a continuous interesterification of fats without any use of solvent or other expensive auxiliary
agents, as described in the following Example 12.

Example 12

JS This example illustrates continuous interesterification of fats without solvent or other expensive auxiliary agents,
using an immobilized lipase preparation prepared by means of the method according to the invention in a packed bed
reactor.

Immobilization

20

2.20 grams of Mucor miehei lipase (81 ,000 LU/g) was dissolved in 20 ml of water, mixed with 10 grams washed
(8.5 g dry weight) Duolite ES 562 ion exchange resin with more than 60% of the particles between 200 and 400 urn.
The mixture was adjusted to pH 5.0, and left for 4 hours at 5°C with magnetic stirring. After filtration and wash with a
small amount of water the preparation was dried in vacuum at room temperature. The yield was 9.05 grams, containing

2$ 9.3% water. The activity remaining in the filtrate was 8% of the total, initial amount. The batch interesterification activity
was 30.6% POO, 7.7% POP at hour or 15.3% incorporated P.

Test in column

30 2 grams of this immobilized lipase preparation was placed in a column and a solvent-free substrate consisting of
olive oil/palmitic acid in the ratio 2.5:1 w/w was continuously fed through at 60°C. The performance of the lipase prep-
aration is shown in the table below.

Composition (HPLC)
35

Sample/time Flow gTG/h/g enz. 000% POO% POP% Conversion x, %
(GLC)

Olive oil/start 42.3 22.5 3.8 0
1 7 hours 5.7 30.5 30.1 11.6

40 208 1/2 hours 2.5 33.8 28.8 8.6 28
233 hours 0.61 22.2 34.8 16.5 67
475 hours

Equilibrium (batch)

1.8 35.1

17.4

28.8

36.0

8.7

20.6

28

100

4$
Legend: TG: Triglycerides; g enz.=grams of immobilized lipase.

% Incorporated P is determined by GLC of fatty acid methyl esters.

Conversion x=(% P-% Poy(% P^-WJ. P0 ,
P^ are% incorporated P in the olive oil substrate (Pc) and in the TG-

mixture at equilibrium (PCQ).

Comments

Based on the 208 1/2 and 475 hours data, extrapolation to start in semilogarithmic plot indicates an initial activity

(flow of 3:2 o/TG/h/g enzyme with a corresponding degree of conversion x=28%. An estimate of the half-life is 500-600
hours at 60°C without solvent and olive oil/P=2 1/2:1 (w/w). No pressure drop problems have been experienced. An

^ earlier attempt to pass a similar substrate through Celite-adsorbed lipase of the kind descrtoed in Danish Patent Ap-
plication No. 563177 in a column was imposstole.

11
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Example 13

This example illustrates a pilot plant scale production of an immobilized lipase preparation in a column and the

application of this preparation for continuous interesterification in a column with substrate at 60 and 70PC, without

5 solvent

Immobilization

6.0 kg (81% dry matter) Duolite ES 562 ion exchange resin was conditioned according to the manufacturer's

io information (Duolite Technical Information 011 OA). This implies acid-base cycling and in this case ateo an ethanol rinse

(to ensure maximum purity in food processing) pH was adjusted to 6.0 in 0.1 M acetate buffer. The suspension was
filled into a column and the settled resin (181) was washed with 72 of water.

1 8 1 of Mucor miehei lipase (10, 100 LU/ml) adjusted to pH 6.0 was recirculated at 30 l/h for 6 hours with pH control.

After displacement with 20 of water a combined volume of 37 contained 1 26 LU/ml corresponding to97% immobilization

is yield. The column was further washed with another 20 1 of water and the preparation was vacuum dried at room tem-

perature whereby 6.0 kg (97% dry matter) immobilized lipase preparation was obtained. The batch interesteriftcation

activity was 30.2% POO, 6.9% POP at 1/2 hour or 14.7% P^.

Application experiment No. 1

20

4.0 g of the immobilized lipase preparation was filled into a water jacketed column with an interna! diameter of 1.5

cm. The temperature in the column was maintained at 60°C. An olive oWdecanoic acid substrate with a composition

of 2.5/1 (w/w) was pumped through a precolumn containing 30 g Duolite S 561 saturated with 21 ml of ion exchanged

water and further through the main column containing the immobilized lipase preparation. The flow rate was controlled

25 in order to keep the composition of the output at a value corresponding to approximately 65% conversion, Le. 23%
DOO in the final triglyceride (DOO means a triglyceride with one decanoic acid unit (in outer position) and two oleic

acid units).

On the assumption that the decrease of the activity of the immobilized lipase follow a first order reaction the half

lifecan be estimated to 3200 hours. With an initial activity of 2.4 g trigtycedde/hour/g enzyme preparation the productivity

30 is approximately 8.3 tons of trigtyceride/kg enzyme preparation assuming a run time of two half lives. In Pig. 1 the

logarithm to the flow rate is plotted against the time.

Application experiment No. 2.

35 The same experiment as No. 1 was performed at 70°C instead of 60°C.

The half life was found to be 1300 hours and the initial activity to 2.3 g triglyceride/hour/g enzyme preparation

corresponding to a productivity of 3.2 tons of triglycerideAg enzyme preparation. The logarithm to the flow rate is

plotted against time in Fig. 2.

Example 14

This example illustrates the potential of an immobilized lipase preparation produced according to the invention for

the continuous interesterification of a high-melting triglyceride mixture composed of beef tallow and soy bean oil without

solvent or other auxiliary agents. Similar processes may be useful for the preparation of special fats without the use

*5 of hydrogenation and chemical interesteriftcation and suitable for margarine or related products.

Immobilization

19.8 grams of moist (86.0% dry matter) Duolite A 561 ion exchange resin, with more than 80% of the particles

50 between 400 and 850 urn, was adjusted to pH 6.0 in aqueous suspension and washed with water. 50 ml of Mucor

miehei lipase (7400 LU/ml, 8% dry matter) was mixed with the resin and pH was readjusted to pH 6.0. After stirring for

2 hours at room temperature, filtration and washing with 2X50 ml water, the preparation was dried in vacuum at room

temperature. The yield was 1 9.2 grams containing 8.5% water. The activity left in the filtrate was 34% of the total, initial

amount Batch interesterification activity was 25.4% POO. 6.0% POO at 1A2 hour or 12.5% inc. P.

55

Analysis of the interesterification reaction

White beef tallow, and fresh, refined soy bean oil were obtained from local markets. The substrate was composed

12
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of 1.5 parts of beef tallow and 1 part of soy bean oil which were mixed at 70°C. BHT antioxidant was added in a
concentration of 0.1%. To characterize the individual components and to follow the interesterffication reaction, HPLC
was used to analyze the triglyceride composition of the substrate components, the initial mixture and the interesterified
mixture. An initial batch reaction with 2.75 grams immobilized Mucor miehei lipase preparation. 24 grams tallow, and
1 6 grams soy bean oil was run 16.5 hours at 65°C. HPLC showed that the ratio of LPO- to LLUriglyceride (L Unoleic
P: Palmitic. O: Oleic) in the mixture increased from 0.62 to 1.16, this latter figure presumably being close to the equi-
Iforium ratio.

Melting properties of the interesterified mixture

TO

The change in melting properties due to interesterification was analyzed by dilatation according to the official

lUPAC-method (IUPAC: standard methods for the analysis of oil, tats, and derivatives, 6th ed.. method No. 2.141
(1979)). The results appear from the table below, with a corresponding non-interesterified mixture of beef tallow and
soy bean oil (1 .5:1) as a reference.

1S

Temperature. °C 0 20 25 30 35 40 45

Dilatation (ui/g fat) Non interesterified mixture 30.8 22.9 18.7 14.6 11.2 6.5 1.6

Interesterified mixture 16.5 4.9 4.9 3.1 0.6

Test in column

A small thermostatted column system was operated for 2 days to illustrate a continuous process. 4.0 grams of the
described immobilized lipase preparation was placed in a column. Also a pre-column containing 5 grams of moist
Duolite A 561 resin (50% dry matter) was used. Beef tallow/soy bean oil in the ratb 1.5:1 w/w was continuously fed
through the column system at 67°C. The performance of the immobilized lipase preparation is shown in the table below

Sample/time Flow g TG/h/g enz. Composition LPO/LLL Conversion %
Tallow/SBO-substrate (18 h) 0.65 -6
18 hour's product 2.10 0.90 52
41 hour's product t.63 0.93 54
Equil. (batch) 1.16 100

Claims

1. An immobilized lipase preparation for interesterification of fats and/or synthesis of fats without the use of non-
aqueous solvent or other auxiliary agents used to control viscosity and solubility, which lipase is obtainable by

40 contacting an aqueous solution of a microbial lipase with a particulate, macroporous, weak anion exchange resin
which contains primary and/or secondary and/or tertiary amino groups and which exhtorts a relatively large average
particle size suitable for column operation without excessive pressure drop, at conditions, at which the lipase is

bonded to the anion exchange resin during a period of time sufficient to bind the wanted amount of lipase to the
anion exchange resin, thereafter separating the thus-formed immobilized lipase from the aqueous phase and drying

4$ the separated immobilized lipase to a water content of from 2 to 40%.

2. A preparation according to Claim 1 . wherein the lipase is a thermostable lipase.

3. A preparation according to Cfesm 1 or 2. wherein the microbial lipase is derived from a thermophilic Mucor species.
so especially Mucor miehei

4. A preparation according to Claim 3. wherein the microbial lipase is derived from a Mucor miehei species.

5. A preparation according to Claim 3 or 4. wherein the pH during contact between ion exchange resin and aqueous
ss solution was in the range of from 5 to 7.

6. A preparation according to any one of the preceding claims, wherein more then 90% of the particles of the macro-
porous weak anion exchange resin has a particle size in the range of from 100 to 1000 um.

13
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7. A preparation according to Claim 6, wherein more than 90% of the particles of the macroporous weak anion ex-
change resin has a particle size in the range of from 200 to 400 urn.

8. A preparation according to any one of the preceding claims, wherein the proportion between the amount of the
5 aqueous solution of the microbial lipase and the weight of weak anion exchange resin corresponds to from 5,000

to 50,000 LU/g ion exchange resin (dry weight).

9. A preparation according to any one of the preceding claims, wherein the contact time was in the range of from 0.5
to 8 hours.

10

10. A preparation according to any one of the preceding claims, wherein the separation was performed by simple
filtration.

11. A preparation according to any one of the preceding claims, wherein the drying was carried out to a water content
in the range of from 5 to 20%.

12. A preparation according to any one of the preceding claims, wherein the particulate, macroporous, weak anion
exchange resin was brought together with an aqueous solution of a crosslinking agent, before, during or after the
contact between the particulate, macroporous weakan ion exchange resin and the aqueous solution of the microbial
lipase, whereafter the remaining solution of crosslinking agent was separated.

13. A preparation according to claim 12, wherein the aqueous solution of crosslinking agent is an aqueous glutaral-
dehyde solution in a concentration in the range of from 0.1 to 1.0% w/w.

14. A method of producing an immobilized lipase preparation for interesterificatkxi of fats and/or synthesis of fats
without the use of non-aqueous solvent or other auxiliary agents used to control viscosity and solubility, which
method comprises contacting an aqueous solution of a microbial lipase with a particulate, macroporous, weak
anion exchange resin which contains primary anoVor secondary and/or tertiary amino groups and which exhibits
a relatively large average particle size suitable forcolumn operation without excessive pressure drop, at conditions,
at which the lipase is bonded to the anion exchange resin during a period of time sufficient to bind the wanted
amount of lipase to the anion exchange resin, thereafter separating the thus-formed immobilized lipase from the
aqueous phase and dying the separated immobilized lipase to a water content of from 2 to 40%.

15. A method of (nteresterificatlon of fats, wherein melted fats, facultatively mixed with melted free fatty acid, is con-
tacted with the immobilized lipase preparation in accordance with any one of Claims 1 to 13 without any non-
aqueous solvent or other auxiliary agents used to control viscosity and solubility or substantially without any non-
aqueous solvents or other such auxiliary agents.

16. A method of synthesis of fats, wherein a mixture of glycerol and free fatty acids is contacted with the frnmobilized
lipase preparation in accordance with any one of Claims 1 to 1 3 without any non-aqueous solvent or other auxiliary
agents used to control viscosity and solubility or substantially without any non-aqueous solvents or other such
auxiliary agents.

45 Patentanspruche

1. Irnmobilisierte Lipase-Zubereitung fur die Umesterung von Fetten und/oder die Synthese von Fetten ohne die
Verwendung von nicht-wassrigem Losungsmittel Oder anderen zur Steuerung der Viskositat und Loslichkeit ver-
wendeten Hiffsstoffen. wobei die Lipase dadurch erhaltlfch ist, daB eine wassrige Losung einer mikrobiellen Lipase

50 mil einem teilchenformtgen, makroporosen, schwachen Anionenaustauscherharz, das primare unaVbder sekun-
dare und/oder tertiare Aminogruppen enthalt und das eine relativ groOe mittlere KomgroBe aufweist, geeignet fOr
den Saulenbetrieb ohne ubermaBiges DruckgelaDe, unter Bedingungen in Kontakt gebracht wird, bei denen die
Lipase wanrend eines hinreichenden Zeitraums, urn die gewunschte Menge an Lipase an das Anionenaustausch-
erharz zu binden. an das Anionenaustauscherharz gebunden wird, daf) anschlieBend die so gebildete immobih-

55 sierte Lipase von der wassrigen Phase abgetrennt und die abgetrennte irnmobilisierte Lipase auf einen Wasser-
gehalt von 2 bis 40 % getrocknet wird.

2. Zubereitung nach Anspruch 1 , wobei die Lipase eine thermostabile Lipase ist

14
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3. Zubereitung nach Anspruch 1 oder 2. wobei die mikrobielte Upase aus einer thermophilen Mucor-Spezies, insbe-
sondere Mucor miehei, gewonnen ist.

4. Zubereitung nach Anspruch 3 t wobei die mikrobielle Upase aus einer Mucor miehei-Spezies gewonnen ist.

5. Zubereitung nach Anspruch 3 oder 4, wobei der pH-Wert wahrend des Kontakts zwischen dem Anionenaustausch-
erharz und der wassrigen Losung im Bereich von 5 bis 7 tag.

6. Zubereitung nach einem der vorangehenden Anspruche, wobei mehr ais 90% der Teilchen des makroporosen,
io schwachen Anbnenaustauschemarzes eine KomgroBe im Bereich von 100 bis 1000 \im besitzen.

7. Zubereitung nach Anspruch 6, wobei mehr als 90 % der Teilchen des makroporosen, schwachen Anbnenaus-
tauscherharzes eine KomgroBe im Bereich von 200 bis 400 um besitzen.

is 8. Eine Zubereitung nach einem der vorangehenden Anspruche, wobei das Verhaltnis zwischen der Menge an wass-
riger Losung der mikrobiellen Lipase und dem Gewicht an schwachem Anionenaustauscherharz einem Wert von
5000 bis 50.000 LU/g lonenaustauscherharz (Trockengewicht) entspricht.

9. Zubereitung nach einem der vorangehenden Anspruche, wobei die Kontaktzeit im Bereich von 0 5 bis 8 Stunden
so lag.

10. Zubereitung nach einem der vorangehenden Anspruche. wobei die Abtrennung durch eintache Filtration ausge-
fuhrt wurde.

& 11. Zubereitung nach einem der vorangehenden Anspruche, wobei das Trocknen bis zu einem Wassergehalt im Be-
reich von 5 bis 20% durchgefuhrt wurde.

12. Zubereitung nach einem der vorangehenden Anspruche, wobei das teilchenformige. makropordse, schwache An-
ionenaustauscherharz mil einer wassrigen Losung eines Vemetzungsmittels zusammengebracht wurde, bevor,

30 wahrend oder nach dem Kontakt zwischen dem teifchenformigen, makroporosen, schwachen Anionenaustausch-
erharz und der wassrigen Losung der mikrobiellen Upase, wonach die verbleibende Losung des Vemetzungsmit-
tels abgetrennt wurde.

13. Zubereitung nach Anspruch 12, wobei die wassrige Losung des Vemetzungsmittels eine wassrige Gtutaraldehyd-& Losung in einer Konzentration im Bereich von 0,1 bis 1 ,0 % w/w ist.

14. Verfahren zur Herstellung einer immobilisierten Upase-Zubereitung fur die Umesterung von Fetten uncVbder die
Synthese von Fetten ohne die Verwendung eines nicht-wassrigen Losungsmittels oder anderer zur Steuerung der
Viskositat und Loslichkeit verwendeten Hiltsstoffe, wobei eine wassrige Losung einer mikrobiellen Upase mit einem
teilchenformigen, makroporosen, schwachen Anionenaustauscherharz. das primare und/oder sekundare und/oder
tertiare Amtnogruppen enthalt und eine relativ groGe mittlere KomgroBe aufweist, geeignet zum Sautenbetrieb
ohne ubermafliges Druckgefalle, unter Bedingungen in Kontakt gebracht wird, bei denen die Upase wahrend eines
genOgenden Zeitraums, um die gewunschte Menge von Upase an das Anionenaustauscherharz zu binden, an
das Anionenaustauscherharz gebunden wird, daS anschlieBend die so gebildete immobilisierte Upase von der
wassrigen Phase abgetrennt und die abgetrennte immobilisierte Lipase auf einen Wassergehalt von 2 bis 40 %
getrocknet wird.

Verfahren zur Umesterung von Fetten. wobei geschmolzene Fette, fakultativ mit geschmotzener freier Fettsaure
vermischt mit der immobilisierten Lipase-Zubereitung gemaB einem der Anspruche 1 bis 13 ohne irgendein nicht
wassriges Losungsmittel oder andere zur Steuerung der Viskositat und Loslichkeit verwendete Hilfsstofle oder im
wesentlichen ohne irgendwelche nicht-wassrigen Losungsmittel oder andere derartige Hilfsstofle in Kontakt ge-
bracht werden.

16. Verfahren zur Synthese von Fetten, wobei eine Mechung von Glycerin und freien Fettsauren mit der immobilisier-
ten Upase-Zubereitung gemaO einem der Anspruche 1 bis 1 3 ohne irgendein ntcht-wassriges Losungsmittel oder
andere zur Steuerung der Viskositat und Loslichkeit verwendete Hilfsstofle oder im wesentlichen ohne irgendwel-
che nicht-wassrigen Losungsmittel oder andere derartige Hilfsstofle in Kontakt gebracht wird.

15
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Revindications

1. One preparation de lipase immobilisee pour Finteresterification des graisses et/ou la synthese des graisses, sans
utilisation cfun solvant non aqueux ou cfautres agents auxiliaires utilises pour ajuster la viscosrte et ta soiubaite,
laquelle lipase peut elre obtenue par contact cfune solution aqueuse cfune lipase microbienne avec une resine
echangeuse cfanions fatole. macroporeuse, en particules, qui contient des groupes amino primaires etvbu secon-
daires et/ou tertiaires et qui presente une granulometrie moyenne relativement grosse appropriee a rutilisation en
colonne sans chute de pression excessive, dans des conditions tetles que la lipase soit liee a la r6sine echangeuse
cfanions pendant une periode suffisante pour lier la quantite desiree de lipase a la resine echangeuse d'anions,
puis separation de la lipase immobilisee ainsi formee cfavec la phase aqueuse, et sechage de la lipase immobilised
s6par6e a une teneur en eau de 2 a 40 %.

2. Une preparation selon la revendication 1 , dans laquelle la lipase est une lipase thermostable.

« 3. Une preparation selon la revendication 1 ou 2, dans laquelle la lipase microbienne derive cfune espece thermophile
de Mucor en particulier Mucor miehei.

10

20 5,

30

4. Une preparation selon ta revendication 3, dans laquelle la lipase microbienne derive cfune espece de Mucormiehei.

Une preparation selon la revendication 3ou 4, dans laquelle le pH. pendant le contact entre la resine echangeuse
cfions et la solution aqueuse, etait dans ta gamme de 5 a 7.

6. Une preparation selon Tune quelconque des revendications precedentes, dans laquelle plus de 90% des particules
de la reshe echangeuse cfanions faible macroporeuse ont une granulomere dans la gamme de 100 a 1 000um

7. Une preparation selon ta revendication 6, dans laquelle plus de 90 % des particules de la resine echangeuse
cfanions fable macroporeuse ont une granulometrie dans la gamme de 200 a 400 urn

8. Une preparation selon Tune quelconque des revendications precedentes, dans taquelle la proportion entre la quan-
tity de la solution aqueuse de la lipase microbienne et le poids de la resine echangeuse cfanions faible correspond
a 5 000 a 50 000 UL/g de resine echangeuse cfions (poids sec).

9. Une preparation selon Tune quelconque des revendications precedentes, dans laquelle la duree de contact etait
dans ta gamme de 0,5 a 8 heures.

3S

10. Une preparation seton fune quetconque des revendications precedentes, dans laquelle la separation a 6t6 effec-
tuee par simple filtration.

11. Une preparation selon Tune quelconque des revendications precedentes. dans laquelle le sechage a 6t6 effectue
40 a une teneur en eau dans ta gamme de 5 a 20 %.

12. Une preparation selon Tune quelconque des revendications precedentes, dans taquelle ta r6sine echangeuse
cfanions faible macroporeuse en particules a 6t6 mise au contact cfune solution aqueuse cfun agent reticulant
avant, pendant ou apres le contact entre la r6sine echangeuse cfanions faible macroporeuse en particules et la
solution aqueuse de fa lipase microbienne. apres quo! la solution restante de fagent reticulant a ete separee.

13. Une preparation selon la revendication 12, dans laquelle ta solution aqueuse cfagent reticulant est une solution
aqueuse de glutaraWehyde a une concentration dans la gamme de 0.1 a 1 .0 % p/p.

14. Un precede de production cfune preparation de lipase immobilisee pour finteresterification des graisses eVbu la
synthese des graisses. sans utilisation cfun solvant non aqueux ou cfautres agents auxiliaires utilises pour ajuster
ta viscosite et la solubilite, lequel precede comprend le contact d'une solution aqueuse cfune lipase microbienne
avec une resine echangeuse cfanions fable macroporeuse en particules qui contient des groupes amino primaires
et/ou secondares et/ou tertiaires et qui presente une granulometrie moyenne relativement grosse appropriee a
futitisation en colonne sans chute de pression excessive, dans des conditions tetles que ta lipase soit liee a la
resine echangeuse cfanions pendant une periods suffisante pour Tier la quantite desir6e de lipase a la resine
echangeuse cfanions, puis la separation de ta lipase immobilisee ainsi formee cfavec la phase aqueuse et te
sechage de la lipase immobilisee separee a une teneur en eau de 2 a 40 %.
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15. Un precede tfinteresterrfication de graisses, dans tequel des graisses fondues, facultativement mSlangees avec
un acide gras libre fondu, sont mises au contact de ta preparation de lipase immobifeee selon rune quelconque
des revendicat»ons 1 a 13 sans aucun sotvant non aqueux ou autres agents auxBiaires utilises pour ajuster la
viscosit6 et ta solubSite ou essentieHement sans aucun sorvant non aqueux ou autres tels agents auxiliaires.

16. Un proceed de synthese de graisses, dans lequel un m6lange de glycerol et cfacides gras libres est mis au contact
de la preparation de lipase immobilisee selon rune quelconque des revendications 1 a 13, sans aucun sorvant
non aqueux ou autres agents auxiliaires utilises pour ajuster la viscosity et la solubilite, ou essentieHement sans
aucun sotvant non aqueux ou autres tels agents auxiliaires.
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